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Abstract: Currently, approximately half of all hip fractures are extracapsular, with an incidence as high as 50 in 100,000 in some
countries. The common classification systems fail to explain the logistics of fracture classification and whether they all behave in the
same manner. The Muller AO classification system is a useful platform to delineate stable and unstable fractures. The Dynamic hip
screw (DHS) however, has remained the ‘gold standard’ implant of choice for application in all extracapsular fractures. The DHS
relies on the integrity and strength of the lateral femoral wall as well as the postero-medial fragment. An analysis of several studies
indicates  significant  improvements  in  design  and  techniques  to  ensure  a  better  outcome  with  intramedullary  nails.  This  article
reviews the historical trends that helped to evolve the DHS implant as well as discussing if the surgeon should remain content with
this implant. We suggest that the gold standard surgical management of extracapsular fractures can, and should, evolve.
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1. INTRODUCTION
A proximal femoral fracture refers to any fracture of the femur between the articular surface of the hip joint, and a
point 5 cm distal to the distal part of the lesser trochanter. With the exception of fractures of the femoral head, these
injuries  are divided into two groups by their  relationship to the capsular  attachments of  the hip joint.  Intracapsular
fractures occur proximal to the point at which the hip joint capsule attaches to the femur. Extracapsular fractures occur
distal to the hip joint capsule. If the fracture line extends below the lesser trochanter the term “subtrochanteric” fracture
is used.
The optimal implant for the surgical treatment of extracapsular hip fractures remains a contentious matter, with
opinion  divided  over  dynamic  hip  screw (DHS)  devices  and intramedullary  nails  (IMN).  A 2005 Cochrane  review
compared a variety of implants and found no superiority in performance of intramedullary nails  over the DHS and
recommended the DHS on the basis of a lower incidence of complications by comparison [1]. Since then, however, the
implant design of IMN has evolved substantially and a body of evidence supporting their use in certain situations is
building.
The understanding of fracture stability is paramount in decision-making and the choice of implant. Not all fractures
behave in the same manner and it is increasingly apparent that recognition of subtypes of extracapsular fractures is an
important factor in implant selection. In this article, we address key operative decisions pertaining to these factors with
evidence from current literature.
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2. EPIDEMIOLOGY
Sir  Astley  Cooper’s  1824  treatise  on  dislocations  and  fractures  noted  that  extracapsular  fractures  occurred
infrequently in adults under 50 years of age by contrast with intracapsular ones [2]. Worldwide it is predicted that there
will be over 3 million extracapsular hip fractures per annum by 2050 [3] and Hagino et al demonstrated that, at 50 years
of age, their cohort had a 5% and 20% risk in men and women respectively of sustaining a hip fracture before they died
[4].
As medical care advances and senescence increases, the clinical characteristics of patients change alongside and
there are an increasing proportion of complex fracture patterns [5]. The management of complex injuries in less well
patients carries an inevitable healthcare economic cost [6].
3. CLASSIFICATION – IS IT IMPORTANT?
While the distinction between intra- and extracapsular fractures is generally agreed, as are their different prognoses
and management, such clarity does not exist for fractures of the proximal femur [7, 8]. For a classification system to be
useful, it must be reliable, reproducible, relevant and informative and, while several systems have been described by
which these fractures may be classified, none have fully satisfied all these criteria [9 - 12]. Broadly, as we have two
types of implants available to us, any classification system should guide which of these implants is chosen and inform
prognosis.  The  AO  /  OTA  classification  of  long  bone  fractures  has  gained  widespread  acceptance  and  features
prominiently in the literature [11]. Whilst its interobserver reliability is higher than other classifications in the area, it is
still variable and, more crucially, it arguably does not provide adequate inforamtion on stability of the fracture [13].
Stability is a characteristic which can only be fully assessed in a reduced fracture. Stable fractures have cortical
contact without a gap medially or posteriorly, preventing varus or procurvatum displacement. The AO/OTA 31A1 to
31A2.1 subtypes are typical of this. The 31A2.2 to 31A3.3 subtypes are progressively more unstable, with a loss of the
medial buttress which, even if the head and shaft fragments are reduced relative to each other, will confer instability and
the  risk  of  varus  collapse.  While  the  31A2.1  fracture  also  involves  the  medial  buttress,  the  size  of  the  fragment  is
sufficiently small that it is of little clinical consequence. The 31A3 subgroup exhibits loss of the lateral wall, including
the reverse obliquity pattern, which render the fractures inherently unstable.
4. WHAT ARE WE HOPING TO ACHIEVE WITH THE IMPLANTS?
Regardless of the fracture pattern, the aims of surgery are the same – to restore the anatomy of the proximal femur
[14], using a stable fixation device that would allow the patient to bear weight, with minimal soft tissue trauma and the
least amount of physiological insult to the patient [14].
5. ARE INTRAMEDULLARY NAILS THE CORRECT IMPLANT FOR A2 AND A3 FRACTURES?
Sahota et al’s 2007 systematic review found a higher incidence of complications with an intramedullary device than
with the sliding hip screw [15]. They also noted insufficient evidence to detect a difference between individual types of
intramedullary  nails,  and  therefore  advocated  that  newer  designs  should  be  evaluated  against  the  current  “gold
standard”  of  a  sliding  hip  screw.  While  these  results  are  important,  it  should  be  noted  that  they  included  all
extracapsular  fracture  patterns  and  hence  do  not  address  this  specific  clinical  question  adequately.
When considering 31A2 and 31A3 fractures, contemporaneous evidence is less equivocal and improved mobility
and  time  to  re-mobilization  has  been  demonstrated,  albeit  not  universally  [16].  Lower  rates  of  transfusion,  shorter
operative duration and reduced radiation exposure from image intensification have also been demonstrated.
Palm et al reported a 22% re-operation rate in patients undergoing DHS surgery in the context of a fractured lateral
femoral cortex, by comparison with 3% in those with an intact wall. Of the lateral wall fractures, 74% were reported to
be  iatrogenic  [17].  Gotfried  et  al’s  series  of  24  patients  with  post-operative  collapse  of  fixed  intertrochanteric  hip
fractures noted that this complication followed fracture of the lateral wall in every instance, underlining that not only
should fractures involving the lateral wall be nailed, but also those which may involve it during the operation [18]. The
risk  of  cut-out  of  the  femoral  neck  screw may  also  be  reduced  by  the  use  of  an  intramedullary  device,  due  to  the
decreased  moment  arm  and  resistance  to  varus  collapse  [19].  This  becomes  increasingly  important  in  31A2.2  and
31A2.3 fractures, where loss of the posteromedial buttress results in a far greater cantilever load being applied to the
implant.
When considering the choice of implant, one must also be mindful of any prevailing guidelines – in England, the
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National Institute for Health and Care Excellence’s guideline 124 advises a DHS for fractures as distal as and including
the level of the lesser trochanter, in effect all 31A2 fractures [20].
6. SHORT OR LONG NAILS?
No evidence exists to demonstrate superiority of long intramedullary nails over their shorter counterparts [21]. They
have similar complication profiles, including peri-prosthetic fracture, cut-out, avascular necrosis of the femoral head
and symptomatic leg length discrepancy. Short nails, however, have shorter operative duration due to distal locking
with the aid of an aiming jig [22]. The incidence of peri-prosthetic fracture seen with early-generation nails has now
diminished as nail design has evolved, encompassing changes such as fluted tips, more proximal placement of the distal
locking bolt and the use of different alloys.
Long nails  are  particularly useful  in  extracapsular  fractures  with sub-trochanteric  extension and in pathological
proximal  femoral  fractures.  Trochanteric-entry  nails  are  associated  with  an  acceptable  rate  of  peri-operative
complications and favourable functional outcomes [23]. With long nails there exists a risk of perforation of the anterior
cortex of the femur distally, at the tip of the nail, due to a mismatch of the radius of curvature. This is generally smaller
in modern designs (114-120 cm) than in earlier generations of femoral nails (up to 300 cm) [24].
7. ARE ALL FEMORAL NAILS THE SAME?
A cephalomedullary femoral nail for extracapsular proximal femoral fractures differs from the reconstruction nail
used for diaphyseal fractures. The proximal geometry and biomechanical principles differ, with a proximal femoral
fracture nail filling the trochanteric region and acting to resist displacement forces, thereby preventing medial slide of
the femoral shaft. It is thicker, necessitated by accommodating a large femoral neck compression screw or similar, and
uses  a  trochanteric  entry  point.  Since  it  is  principally  designed  for  proximal  fractures,  diaphyseal  reaming  is  not
required [25 - 27]. A reconstruction nail, by contrast, is typically smaller in diameter proximally, offering two 6.5mm or
equivalent reconstruction screws into the femoral head. They are often slightly straighter, with less lateral bend in the
trochanteric region, and they tend to be isthmic-bearing and thus require a reamed fit. They are not recommended for
use in proximal femoral extracapsular fractures.
8. ARE ANY NEW TECHNIQUES AVAILABLE TO ME?
There have been several attempts to augment the biomechanical strength of both the DHS and intramedullary nails
by using polymethacrylate (PMMA) preparations. In cadaveric studies, cement augmentation increased load to failure
and minimized cut-out in both the DHS and intramedullary constructs [28]. This finding has been reproduced in patients
with 31A2 fractures undergoing DHS surgery [29].  Recent  studies using intramedullary nails  have also shown that
cement augmentation enhanced the implant anchorage within the head-neck fragment and conferred good functional
results [30]. A robust, multi-centre, prospective trial concluded that augmentation with calcium phosphate cement in
unstable trochanteric fractures provided a modest reduction in pain and a slight improvement in the quality of life when
compared with the DHS alone [31].
Newer  designs  of  plate,  including  pre-contoured  locking  plates  designed  for  unstable  A3  fractures,  have  been
brought to market [32]. Recent innovations also include expanding femoral head screws, which are suggested to reduce
cut-out, and biological membranes providing a scaffold for bone regeneration are emerging from translational work
with veterinary fracture surgery.
CONCLUSION
The ideal method of fixation is dependent on the stability of the fracture. “Simple” two part (A1 to A2.1) fractures
can be adequately stabilised with the erstwhile “gold standard“ DHS implant, however, we have shown that this is not
the  ideal  fixation  for  fractures  classified  A2.2  and  above.  The  additional  advantages  of  smaller  incisions,  shorter
operating times, lower blood loss and transfusion requirements,  and the avoidance of reaming, promote the current
generation of intramedullary nails to be the gold standard in complex extracapsular hip fractures. The gold standard
surgical management of extracapsular fractures can, and should, evolve.
CONSENT FOR PUBLICATION
Not applicable.
1216   The Open Orthopaedics Journal, 2017, Volume 11 Jacob et al.
CONFLICT OF INTEREST




[1] Parker  MJ,  Handoll  HH.  Gamma  and  other  cephalocondylic  intramedullary  nails  versus  extramedullary  implants  for  extracapsular  hip
fractures in adults. Cochrane Database Syst Rev 2005; (4): CD000093.
[PMID: 16235272]
[2] Cooper A. A treatise on dislocations and on fractures of the joints : Cooper, Astley, Sir, 1768-1841. Free Download & Streaming : Internet
Archive
[3] Gullberg B, Johnell O, Kanis JA. World-wide projections for hip fracture. Osteoporos Int 1997; 7(5): 407-13.
[http://dx.doi.org/10.1007/PL00004148] [PMID: 9425497]
[4] Hagino H, Furukawa K, Fujiwara S, et al. Recent trends in the incidence and lifetime risk of hip fracture in Tottori, Japan. Osteoporos Int
2009; 20(4): 543-8.
[http://dx.doi.org/10.1007/s00198-008-0685-0] [PMID: 18633667]
[5] Lakstein D, Hendel D, Haimovich Y, Feldbrin Z. Changes in the pattern of fractures of the hip in patients 60 years of age and older between
2001 and 2010: A radiological review. Bone Joint J 2013; 95-B(9): 1250-4.
[http://dx.doi.org/10.1302/0301-620X.95B9.31752] [PMID: 23997141]
[6] Prior G a. Complications of hip fractures. Curr Orthop 2000; 14: 86-92.
[http://dx.doi.org/10.1054/cuor.2000.0093]
[7] Miyamoto RG, Kaplan KM, Levine BR, Egol KA, Zuckerman JD. Surgical management of hip fractures: An evidence-based review of the
literature. I: femoral neck fractures. J Am Acad Orthop Surg 2008; 16(10): 596-607.
[http://dx.doi.org/10.5435/00124635-200810000-00005] [PMID: 18832603]
[8] Kaplan K, Miyamoto R, Levine BR, Egol KA, Zuckerman JD. Surgical  management of hip fractures:  An evidence-based review of the
literature. II: intertrochanteric fractures. J Am Acad Orthop Surg 2008; 16(11): 665-73.
[http://dx.doi.org/10.5435/00124635-200811000-00007] [PMID: 18978289]
[9] Evans EM. The treatment of trochanteric fractures of the femur. J Bone Joint Surg Br 1949; 31(2): 190-203.
[PMID: 18150534]
[10] Jensen JS. Classification of trochanteric fractures. Acta Orthop Scand 1980; 51(5): 803-10.
[http://dx.doi.org/10.3109/17453678008990877] [PMID: 7468173]
[11] Muller ME, Nazarian S, Koch P. The comprehensive classification of fractures of the long bones. No Title 1990.
[http://dx.doi.org/10.1007/978-3-642-61261-9]
[12] Suckel AA, Dietz K, Wuelker N, Helwig P. Evaluation of complications of three different types of proximal extra-articular femur fractures:
differences in complications, age, sex and surviving rates. Int Orthop 2007; 31(5): 689-95.
[http://dx.doi.org/10.1007/s00264-006-0250-4] [PMID: 17033762]
[13] Fung W, Jonsson A, Buhren V, Bhandari M. Classifying intertrochanteric fractures of the proximal femur: Does experience matter? Med
Princ Pract 2007; 16(3): 198-202.
[http://dx.doi.org/10.1159/000100390] [PMID: 17409754]
[14] Pajarinen J, Lindahl J, Michelsson O, Savolainen V, Hirvensalo E. Pertrochanteric femoral fractures treated with a dynamic hip screw or a
proximal femoral nail. A randomised study comparing post-operative rehabilitation. J Bone Joint Surg Br 2005; 87(1): 76-81.
[PMID: 15686241]
[15] Oliver D, Griffiths R, Roche J, Sahota O. Hip fracture 2007.
[16] Utrilla AL, Reig JS, Muñoz FM, Tufanisco CB. Trochanteric gamma nail and compression hip screw for trochanteric fractures: a randomized,
prospective, comparative study in 210 elderly patients with a new design of the gamma nail. J Orthop Trauma 2005; 19(4): 229-33.
[http://dx.doi.org/10.1097/01.bot.0000151819.95075.ad] [PMID: 15795570]
[17] Palm H, Jacobsen S, Sonne-Holm S, Gebuhr P. Integrity of the lateral femoral wall in intertrochanteric hip fractures: an important predictor of
a reoperation. J Bone Joint Surg Am 2007; 89(3): 470-5.
[PMID: 17332094]
[18] Gotfried Y. The lateral trochanteric wall: A key element in the reconstruction of unstable pertrochanteric hip fractures. Clin Orthop Relat Res
2004; (425): 82-6.
[http://dx.doi.org/10.1097/01.blo.0000132264.14046.c2] [PMID: 15292791]
[19] Banan H, Al-Sabti A, Jimulia T, Hart AJ. The treatment of unstable, extracapsular hip fractures with the AO/ASIF proximal femoral nail
(PFN)--our first 60 cases. Injury 2002; 33(5): 401-5.
[http://dx.doi.org/10.1016/S0020-1383(02)00054-2] [PMID: 12095719]
Decision Making in the Management The Open Orthopaedics Journal, 2017, Volume 11   1217
[20] Ftouh S, Morga A, Swift C. Management of hip fracture in adults: summary of NICE guidance. BMJ 2011; 342: d3304.
[http://dx.doi.org/10.1136/bmj.d3304] [PMID: 21693526]
[21] Kleweno C, Morgan J, Redshaw J, et al. Short versus long cephalomedullary nails for the treatment of intertrochanteric hip fractures in
patients older than 65 years. J Orthop Trauma 2014; 28(7): 391-7.
[http://dx.doi.org/10.1097/BOT.0000000000000036] [PMID: 24231580]
[22] Kuzyk PR, Bhandari M, McKee MD, Russell TA, Schemitsch EH. Intramedullary versus extramedullary fixation for subtrochanteric femur
fractures. J Orthop Trauma 2009; 23(6): 465-70.
[http://dx.doi.org/10.1097/BOT.0b013e3181acfdfd] [PMID: 19550236]
[23] Robinson CM, Houshian S, Khan LA. Trochanteric-entry long cephalomedullary nailing of subtrochanteric fractures caused by low-energy
trauma. J Bone Joint Surg Am 2005; 87(10): 2217-26.
[PMID: 16203886]
[24] Ostrum RF, Levy MS. Penetration of the distal femoral anterior cortex during intramedullary nailing for subtrochanteric fractures: a report of
three cases. J Orthop Trauma 2005; 19(9): 656-60.
[http://dx.doi.org/10.1097/01.bot.0000154481.46693.69] [PMID: 16247312]
[25] Parker MJ, Tripuraneni G, McGreggor-Riley J. Osteotomy, compression and reaming techniques for internal fixation of extracapsular hip
fractures. Cochrane Database Syst Rev 2001; (3): CD000522.
[PMID: 11686964]
[26] Parker MJ, Handoll HH. Osteotomy, compression and other modifications of surgical techniques for internal fixation of extracapsular hip
fractures. Cochrane Database Syst Rev 2009; (2): CD000522.
[PMID: 19370559]
[27] Templeman  D,  Baumgaertner  MR,  Leighton  RK,  Lindsey  RW,  Moed  BR.  Reducing  complications  in  the  surgical  treatment  of
intertrochanteric  fractures.  Instr  Course  Lect  2005;  54:  409-15.
[PMID: 15948470]
[28] Choueka J, Koval KJ, Kummer FJ, Zukerman JD. Cement augmentation of intertrochanteric fracture fixation: A cadaver comparison of 2
techniques. Acta Orthop Scand 1996; 67(2): 153-7.
[http://dx.doi.org/10.3109/17453679608994661] [PMID: 8623570]
[29] Lee  P-C,  Hsieh  P-H,  Chou  Y-C,  Wu  C-C,  Chen  W-J.  Dynamic  hip  screws  for  unstable  intertrochanteric  fractures  in  elderly  patients--
encouraging results with a cement augmentation technique. J Trauma 2010; 68(4): 954-64.
[http://dx.doi.org/10.1097/TA.0b013e3181c995ec] [PMID: 20386288]
[30] Kammerlander C, Gebhard F, Meier C, et al. Standardised cement augmentation of the PFNA using a perforated blade: A new technique and
preliminary clinical results. A prospective multicentre trial. Injury 2011; 42(12): 1484-90.
[http://dx.doi.org/10.1016/j.injury.2011.07.010] [PMID: 21855063]
[31] Mattsson P, Alberts A, Dahlberg G, Sohlman M, Hyldahl HC, Larsson S. Resorbable cement for the augmentation of internally-fixed unstable
trochanteric fractures. A prospective, randomised multicentre study. J Bone Joint Surg Br 2005; 87(9): 1203-9.
[http://dx.doi.org/10.1302/0301-620X.87B9.15792] [PMID: 16129742]
[32] Hu S-J, Zhang S-M, Yu G-R. Treatment of femoral subtrochanteric fractures with proximal lateral femur locking plates. Acta Ortop Bras
2012; 20(6): 329-33.
[http://dx.doi.org/10.1590/S1413-78522012000600003] [PMID: 24453626]
© 2017 Jacob et al.
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.
